Effect of diet on faecal J consistency in normal pigs of 25 kg bodyweight.
DAVID HAMPSON AND JOHN PLUSKE GASTROINTESTINAL diseases in pigs can have a large number of different causes and, depending on their severity and distribution in a herd, may result in significant economic losses due to mortalities and/or poor and uneven growth rates. Specific enteric bacterial pathogens are responsible for a large proportion of this disease burden and the control of such infections can be difficult. Effective vaccines are available for only a few of these diseases and thus control often requires the implementation of a combination of different management strategies, usually involving considerable routine prophylactic antimicrobial usage. Unfortunately, the associated bacterial pathogens are increasingly found to have reduced susceptibilities to antibiotics, and this coincides with mounting societal and regulatory pressures to reduce routine antimicrobial therapy for all animal species. Veterinary surgeons and producers therefore need alternative means of controlling such infections. This article outlines how the management of some enteric diseases in pigs might be improved by dietary modification. Any dietary change has to be economically viable. In other words, it must not be excessively expensive or impractical for routine use, and must not damage the overall production and profitability of a herd.
POSTWEANING COLIBACILLOSIS
Watery, alkaline (secretory) diarrhoea is frequently seen in piglets within three to 10 days of weaning. The condition is commonly called postweaning colibacillosis (also known as postweaning diarrhoea) to acknowledge the important role of certain serotypes of (usually) enterotoxigenic haemolytic Escherichia coli in its aetiology. There are numerous risk factors associated with the development of this condition, but it is generally accepted that the activity of these bacteria, which proliferate in the small intestine after weaning, is central in causing the diarrhoea.
It is very evident that postweaning colibacillosis is subject to some important dietary influences. For example, the condition can be brought under control by imposing severe dietary restrictions over the period of greatest susceptibility. Unfortunately, although this may stop the diarrhoea, it also has an unacceptable impact on growth rate. Generally, it is considered advisable to encourage early and sustained consumption of weaner diets to promote weight gain.
Certain dietary components are considered to impose an increased risk of developing postweaning colibacillosis. These include: * Unrefined soya bean meal containing antinutritional factors, such as trypsin inhibitors, and potential allergens; * Certain wheats and other cereals (eg, rye) that are rich in soluble non-starch polysaccharides; * Poor quality animal proteins, particularly where these have a high acid-binding capacity in the stomach (eg, poor quality fishmeal).
High levels of protein (eg, >24 per cent) are generally thought to be detrimental immediately after weaning, although the dietary balance between protein level and the amount of dietary fibre could also influence the extent and severity of diarrhoea.
Highly digestible diets are considered to offer protection from postweaning colibacillosis. An example is a diet based on cooked white rice (McDonald and others 2001) . Although relatively expensive, the diet is only fed for a short period after weaning and, hence, probably has Effect of weaning on the development of the gastrointestinal tract. Gastrointestinal tract from (top) a 26-day-old unweaned piglet and (bottom) from a 26-day-old littermate of the same weight, five days after being weaned. The tract has increased in size after weaning, particularly the caecum and spiral colon (arrow) where fermentation occurs There is some suggestion that diet may affect proliferative enteropathy and, hence, the condition may respond to dietary changes. For example, in a survey to identify risk factors associated with enteropathogenic bacteria in Danish finishing herds, the use of home-mixed feed and/or non-pelleted diets was linked to a reduced risk of infection with L inta(cefllulaldris (Stege and others 2001) . Whether protection is due to specific dietary ingredients that are more commonly found in homemixed diets than in commercial pelleted diets is unclear. Interestingly, however, pelleted diets confer a greater risk for a number of enteric infections (see below). The high temperatures used for pelleting may have physical effects on the ingredients, causing gelatinisation and retrograding of starch and/or solubilisation of the non-starch polysaccharides, the components of which, in turn, act as a substrate for fermentation, causing alterations in the intestinal microenvironment. Nevertheless, pelleted diets are widely used because they generally cause less food wastage and promote greater growth rates; any recommendation to move to a meal-based diet should therefore be made carefully.
PORCINE INTESTINAL SPIROCHAETOSIS
Porcine intestinal spirochaetosis is a condition of weaner, grower and, sometimes, finisher pigs. It is associated with colonisation of the large intestine with Brachvspira pilosicoli, an anaerobic, weakly haemolytic intestinal spirochaete. Infection is common in herds in many countries and, often, multiple strains of the spirochaete may be present in a herd. Colonisation may result in a mild patchy colitis, usually with a mild mucoid diarrhoea.
In an experimental study involving infection of weaner pigs, it was shown that animals fed a highly digestible diet based on cooked white rice were colonised by B pilosicoli for a significantly shorter period of time compared with pigs fed a more standard wheat-based, non-pelleted diet (Hampson and others 2000) . It was suspected that this protection might be due to the less Luminal surface of the ileum of a pig with proliferative enteropathy due to Lawsonia intracellularis infection. Note the thickening of the mucosa and haemorrhage viscous intestinal contents of those pigs fed the rice. This idea was supported by a subsequent study where the addition of viscous-forming carboxymethylcellulose to a ricebased diet appeared to reinstate the susceptibility of the pigs to infection with the spirochaete (Hopwood and others 2002) . The relative protective effects of a rice-based diet on colonisation by B pilosicoli have recently been confirmed by Lindecrona and others (2004) . Interestingly, in this study, the use of a pelleted diet based on wheat and barley also led to more colonisation and more clinical signs than the same diet in a non-pelleted form.
SWINE DYSENTERY
Swine dysentery is a severe mucohaemorrhagic diarrhoea caused by colonisation of the large intestine by the strongly haemolytic intestinal spirochaete Brachyspira hyodvsenteriae. The disease is still common in a number of important pig-rearing countries, where isolates with reduced susceptibility to various antimicrobial agents are now frequently being found. The disease is complex and its expression is known to be influenced by diet. Several studies have indicated that the incidence of swine dysentery can be reduced by feeding highly digestible diets that result in less fermentation in the large intestine (eg, Pluske and others 1998). Diets based on cooked white rice, which are low in soluble non-starch polysaccharides, were found to be particularly protective. More recently, others have not been able to reproduce these protective results with rice (Lindecrona and others 2003) , although a possible explanation could be that different rice varieties and physical processing were used in the different experiments. Interestingly, Lindecrona and others (2003) did find that feeding a fermented liquid diet reduced the incidence of swine dysentery in experimentally infected pigs, and it is possible that the four to five days of pre-fermentation reduced the level of starch and nonstarch polysaccharides in the diet, and thus the amount of fermentable substrate reaching the large intestine.
A grower pig showing moist mucoid diarrhoea containing undigested grains. The large intestine of this pig was found to be colonised with the intestinal spirochaete Brachyspira pilosicoli 
